1
These cores are regarded as one of the most important groups of drug-like scaffolds.
2 3,4-dihydropyrimidinones above are known to exhibit variety of pharmacological activity such as calcium channel modulation, mitotic kinesin Eg5 inhibition, antiviral, anti-inflammatory, antibacterial activity, etc.
3
The Biginelli reaction 4 is a well-known, simple and straightforward procedure for the synthesis of 3,4-dihydropyrimidinones (3,4-DHPMs) by the three-component condensation of an aldehyde, β-ketoester and urea, under strongly acidic conditions. A recent article shows the interest of the synthetic chemists in order to find better and more selective catalysts for the synthesis of 3,4-DHPM under Biginelli reaction conditions.
5 Most of the methods are based on Brønsted or Lewis acid type catalysts. Probably, the most effective methods involve the reagent(s), which are stoichiometric dehydrating agents in the presence of protic or Lewis acids.
6 However, most of these methods use expensive reagents, strongly acidic conditions, require long reaction times, harsh conditions, give unsatisfactory yields and suffer from cumbersome work up and difficult product isolation. Subsequent multi-step syntheses produced somewhat higher yields but lacked the simplicity of the one-pot, one-step synthesis.
7 In the recent years, catalysts, which are recyclable and capable of performing the reaction under mild condition, have gained particular attention.
8 Since then, there was a need to find catalysts, which are capable to perform reaction under milder reaction conditions.
We wished to develop a direct and experimentally convenient one-pot condensation reaction for the construction of 3,4-DHPMs, without using strong acid catalysis. In this communication, we disclose a simple but effective protocol for Biginelli reaction that produces high yields of 3,4-DHPMs in presence of silica-gel while preserving the original one-pot strategy. Silica gel is a mild Lewis acid. The reactivity of silica gel and the effect of solvent, time and temperature were explored using the model reaction between aryl or aliphatic aldehyde 2, urea or thiourea 3 and 1,3-dicarbonyl 4 which gave product 1 in excellent yield (Scheme 1). The reaction was found to be complete within 16 h in boiling chloroform in the presence of silica gel. Filtration, washing of the silica gel and removal of solvent produces essentially pure 3,4-DHPMs without any further purification. The scope of the methodology was demonstrated as a variety of 1,3-dicarbonyl compounds and various aryl or aliphatic aldehydes proved effective with this protocol (Table 1) . 9 An optimization of the reaction conditions has not been carried out for each case. However, all compounds were formed in good yields (74-94%) and with high purity > 95%. It is noteworthy that acid sensitive reactants thienyl and furyl carbaldehydes, and conjugated double bonds of α,β-unsaturated aldehydes are tolerated in this reaction, resulting in formation of desired 3,4-DHPMs in high yields.
The choice of solvent is also extremely important. An extensive variation of solvent and silica-gel catalyst ratio for condensation of the aldehyde 2j, urea and β-keto-ester 4j to 3,4-dihydropyrimidinone 1j demonstrated that the reaction works best using 10-fold of silica gel in dry chloroform ( Table  2 , Entries 1-3). The residual ethanol present in commercial chloroform inhibits the reaction, and, also, addition of water inhibits the reactions (Entries 4 and 5), whereas drying the silica gel at elevated temperature in vacuo increases the activity of the catalyst. The reaction does not occur in solvents that reduce the activity of silica gel such as methanol and THF (Entries 7 and 8) but does so in less Lewis basic solvents like toluene and ethyl acetate (Entries 9 and 10). In absence of silica-gel, formation of desired product was not detected (Entry 11). The use of silica sulfuric acid catalyst has been reported previously for the synthesis of 3,4-dihydropyrimidinones, 10 but these conditions would still not be effective as they require sulfuric acid. It has been reported 11 and also observed by us that the presence of mineral acids decreased reaction yield appreciably.
In conclusion, we have developed a mild and highly effective procedure for the one-pot synthesis of substituted dihydropyrimidinones in high yields using silica gel as a green, highly efficient and recyclable heterogeneous catalyst. Our approach can be applied to the preparation of a wide range of synthetic analogues for structure-activity studies. Investigations in this direction are ongoing. Scheme 1. Synthesis of substituted 3,4-dihydropyrimidinones. 
